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Abstract: Programming is a key subject in many engineering programs. Students often perceive
it as a difficult skill to master. There is extensive literature on helping students learn and improve
to program, most of which focuses on K-12 education. However, due to the current demand for
workers with programming skills, more research must be conducted on techniques for learning
programming at the higher education level. In this work, an analysis and evaluation of the usefulness
of an Asterisk Private Branch Exchange (PBX) as an educational tool to improve the programming
skills of students in higher education is presented. The study worked with undergraduate students in
telecommunications engineering, with little work experience in programming, during the completion
of their final year project. Results suggest that using Asterisk has a positive impact on the students’
perception of their programming knowledge and skills, as well as an increment in the interest and
comfort regarding programming.
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1. Introduction

Programming is a mandatory subject in computing and other engineering programs.
Students usually perceive programming as a daunting task [1]. Regardless of whether the
student is using a high- or low-level programming language, an important problem when
writing code tends to be related to a lack of knowledge about the syntax and semantics
of the language. Thus, programming is prone to syntactic and semantic errors, becoming
difficult for students, particularly novices [2]. Learning programming is even more difficult
when students are not fluent English speakers, since the vast majority of programming
languages use English for reserved words. Variables, objects, control flow, and conditional
statements are all expressed with English words. The considerable cognitive effort required
to learn programming may lead to decreased motivation and satisfaction and ultimately a
negative attitude towards programming [1].

The majority of studies about making the process of learning to program more effective
are focused on K-12 education, where there is huge effort to incorporate computing and
other related aspects, such as computational thinking, into the curriculum [3]. Due to
the demand for workers with programming skills in technological workplaces nowadays,
more research is needed not only in K-12 education but also at higher academic levels.
Particularly important are students in computer science and other engineering programs
since programming is a fundamental skill in these disciplines. Many undergraduate
students in these disciplines have difficulty when learning to program in core courses. They
struggle to complete introductory programming courses to such an extent that one-third of
students in these courses either fail or drop out [4]. Clearly, this is of significant concern to
the teaching staff of computer science related programs [5].

Some studies have attempted to improve the learning process in introductory program-
ming courses through new teaching techniques and methodologies, such as the flipped
classroom [6]. However, students often lack confidence in their proficiency in programming
after their first or second year of studies. Working on students self-efficacy leads to better
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performance, as research works show that there is a significant correlation between students’
programming self-efficacy and their perceived value of learning to program [4]. In [4],
two main approaches to improving self-efficacy are described: embedding interventions
to increase students’ perceived value of learning programming and carrying out activities
related to real-life projects.

There are several works on learning methods and how activities can emulate a real
environment using educational tools. Tangible systems, such as robots and other hardware
platforms, can provide a physical environment where students can manipulate real objects
to solve tasks [7]. Tangible systems increase their motivation, leading to easier knowledge
acquisition and retention [1]. In a programming context, tangible systems allow students
to work in a realistic environment while programming, receiving immediate feedback on
their development. In addition, the use of tangible systems helps reduce the abstract nature
of problems, so students perceive programming as an interesting and challenging activity
instead of as a daunting task.

The aim of this paper is to analyse whether the use of a real Voice over IP (VoIP)
environment based on an Asterisk Private Branch Exchange (PBX) interacting with differ-
ent physical systems and services improves the programming skills of students in higher
education. In addition to programming the Asterisk dial plan using a particular scripting
language, students must also develop pieces of code in other languages, such as Bash, C#
or Python, to implement more advanced functionalities that are executed from the PBX
through user interaction. Within the context of this work, the Asterisk PBX plays the role
of a user interface in such a way that it receives voice orders from the users through a
VoIP phone to execute specific actions through scripts written in various programming lan-
guages. Therefore, all interactions between users and the Asterisk PBX are via multimedia
technologies, which are attractive and well-valued by the students [8].

This work serves as a pretest to consider the suitability of extending the use of Asterisk
to initial degree courses in order to improve students’ programming skills. In order to eval-
uate this possibility, we have taken senior students, whose level of maturity and knowledge
make their opinions and perceptions reliable, as the subject of study. Specifically, the study
is focused on 12 undergraduate students in telecommunications engineering. All of them
had a basic knowledge about programming, having taken several programming subjects in
which they worked superficially with various programming languages. Therefore, the stu-
dents had not mastered any programming language in depth, nor had they previously
faced the development of large or medium-sized projects. The study was carried out while
they completed their final year project, for which they must demonstrate the maximum
level of autonomy in their studies.

As the final project is the last step for a telecommunications engineering student,
and no written test is taken after its completion to assess the level of learning acquired in a
quantitative way, the estimation of the benefits of using the Asterisk framework was con-
ducted by means of a qualitative study based on a pretest and a post-test survey. This paper
examines three hypotheses related to the use of Asterisk in the final year project. Results
suggest that using Asterisk has a positive impact on the students’ programming skills.

The remainder of the paper is organized as follows. Work related to using educational
tools regarding programming in higher education is presented in Section 2. Section 3 briefly
describes the architecture of the Asterisk framework and the configuration of a dial plan.
The final year projects involving Asterisk completed by the 12 students during this research
are explained in Section 4. The methodology is presented in Section 5, and the results are
discussed in Section 6. Finally, Section 7 contains the concluding remarks and outlines
future work.

2. Related Work

The use of technology integration, such as mobile devices, electronic hardware plat-
forms, and telematic applications, is an innovative approach to learning programming. This
approach increases the desire to learn to program among university students [9]. Robotics,



Electronics 2023, 12, 1160 3 of 15

hardware platforms, and serious games are the main educational tools used for learning
programming [10] and developing computational thinking [11] in higher education.

In [12], a wide review of the use of educational robotics in post-secondary education
was carried out. The study presents several potential benefits of using robotics as an
educational tool, especially in computer science and undergraduate engineering courses.
The authors state that the use of robotics is effective as a complementary learning tool
in higher education. Another study based on the use of robotics together with artificial
intelligence (AI) at the university level was presented in [13]. The results show positive
attitudes of both lecturers and students about the combination of these techniques as part
of the development of teaching practice in higher education. A similar study can be found
in [14], where LEGO Robotics was used to foster the learning of programming and AI
knowledge in first year undergrads, with excellent results. There are also interesting studies
that show that robotics is an effective way to improve programming skills in primary and
secondary education [15].

Arduino is a widely used framework in higher education, among other environments,
to improve programming skills and develop computational thinking [16]. For example,
Ref. [17] studied the use of Arduino during a programming course in which students
of the computer education and instructional technologies department took part. Several
interesting findings were obtained, including the reinforcement of the topics learned
in programming. Another work, developed in [18], involving university science and
engineering programs shows that when Arduino is used, more students successfully
learn to program and enjoy programming more. The positive effects of Arduino on the
computational thinking skills of preservice teachers were studied in [19]. The results show
a significant difference in terms of creativity, algorithmic thinking, critical thinking, and
overall scoring. Other Arduino-related works focused on enhancing programming skills
within the scope of higher education can be found in [20–22]. In addition, Arduino has been
used in primary and secondary education to foster the development of programming [23]
and robotics skills [24].

Finally, a widespread approach in education that encourages learning is the use of
serious games [25,26], which have proven to enhance the learning of programming in
higher education. For example, in [27], the use of serious games leads to a positive attitude
and increased motivation. Similarly, an activity based on serious games for teaching logic
and programming to students in computer engineering at university is presented in [28].
The use of games developed in Scratch to teach programming to first year engineering
students is analysed in [29]. Web-based games have also been used to teach robotics and
computer programming in [30], increasing both interest and understanding in these topics.
In addition, serious games have been used to teach cybersecurity in higher education [31],
helping students understand cryptographic algorithms and learn safe and suitable be-
haviour when connected to the Internet. Other interesting publications describe how
LEGO Serious Play is used to teach software engineering to computer science students [32],
how a gamification proposal based on escape rooms improves Python skills [33], how
serious games affect the programming skills and fluency of university students [34], and
the positive impact of serious games combined with flipped classroom teaching on coding
skills [35].

The use of serious games is usually a purely software approach, as is the Asterisk
framework. To the best of the authors’ knowledge, this is the first study on the impact of
Asterisk to improve the programming skills of students in higher education.

3. Background: The Asterisk Framework

Asterisk is an open-source framework that enables a regular computer to behave as a
Back-to-Back User Agent (B2BUA) in a VoIP call, operating between the participants both in
the signaling and data planes [36]. Asterisk configuration relies on multiple configuration
files. Each signaling protocol is related to one or several files, depending on the version
of Asterisk. Some configuration files of signaling protocols, e.g., pjsip.conf for the Session
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Initiation Protocol (SIP), define the accounts that can log into the PBX by using such
signaling protocols. Authentication parameters, such as usernames, passwords, supported
codecs and transport protocols, can also be defined.

Asterisk functionality is programmed by means of a special configuration file (exten-
sions.conf ) that defines the dial plan. This configuration file is the core of the PBX, where
actions and services that are available for an account are specified declaratively by means
of a particular scripting language. The dial plan is organised into contexts, which are
independent sections that correspond to the minimum organisational unit of the dial plan.
The purpose of using contexts is to separate and cluster functionalities within the dial plan,
for example to provide a different set of services according to each end point. A context can
be composed of one or more extensions that can be dialed from the end points. An extension
is a set of related instructions that are sequentially executed to reach the desired behaviour.
Each instruction within an extension must be numbered and is called priority. In addition,
each executed instruction performs an action in the dial plan. Within the scope of Asterisk,
this action is called application. A piece of an example dial plan is shown in Figure 1.

[MyContext]
exten => 100,1,Answer()
;The call is answered

same => n,Record(en/message.wav)
;An audio from the caller is recorded and saved to disk

same => n,Wait(2)
;A two-second pause

same => n,Playback(message)
;A stored audio is loaded and played to the caller

same => n,Dial(PJSIP/Alice&PJSIP/Bob&PJSIP/Trudy)
;Alice, Bob and Trudy terminals are called simultaneously 

same => n,AGI(./scripts/DeleteMessages.sh)
;An external script stored in the system is executed 

same => n,Hangup()
;The call is hung up

Figure 1. Asterisk dial plan example.

As can be seen, the snippet shows a context, called MyContext, composed of a single
extension, labelled 100. When this extension is dialed, seven instructions (priorities) are
executed step-by-step, invoking a different application in each of them. For example,
the Record application saves an audio message in the Asterisk PBX, while Playback plays an
audio stored in the PBX, such as a previously saved message.

An interesting aspect of the Asterisk framework is that it can be used to develop
systems that go beyond the role of a PBX. Within the scope of the final year projects
presented in this work, the Asterisk PBX plays the role of a user interface, in such a
way that it receives user commands through a VoIP phone (software or hardware) and,
in response, executes actions on other systems via scripts written in various programming
languages. In this respect, the Asterisk Gateway Interface application (AGI) is the key
component since it enables developing more complex solutions. In the example dial
plan illustrated in Figure 1, the AGI application is used to execute a script that deletes
all the audio messages recorded by users that were stored in the PBX. Similarly, it could
also be used to send commands through the serial port to manipulate a TV or to send
HTTP requests to activate/deactivate actuators in an simulated Internet of Things (IoT)
environment.

4. Final Year Projects Based on Asterisk

During this five-year study, several final year projects based on Asterisk were devel-
oped. In this section, these projects are presented and classified according to their main
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goal. It should be noted that the 12 students chose the topic of their final year project freely
among those available.

4.1. Remote Control of a Television and Implementation of Smart TV Functionalities

Two final year projects were carried out using an Asterisk PBX to control a television
remotely. The architecture of these projects is illustrated in Figure 2. The user interacts with
the Asterisk PBX through a set of predefined voice commands with an Interactive Voice
Response (IVR). These voice commands are sent from the PBX to the speech recognition
service offered by Google to transcribe voice commands into a text response. The Asterisk
PBX parses the response and according to the text command received executes a local script.
This sends an order to an LG television (32LG5000 model) through a serial RS-232 port.

User's order translated to RS232 commands

Voice message with user's order

User's order translated to plain text

Figure 2. Architecture of the projects to manage a television.

The first project was focused exclusively on performing the basic actions for controlling
a television remotely, such as turning it on and off, tuning in a channel, moving forwards
and backwards through the list of available channels, and adjusting or presetting the
volume or brightness. For example, to turn off the television, the user dials the extension
which executes the IVR and says Turn off the TV. Asterisk then sends that message to the
Google speech-to-text service and, after parsing the string received as a response, runs a
script written in Bash to send the “k a” command to the television through the serial port.
This command turns the TV off.

The second project implemented Smart TV functionalities in the LG TV, which lacks
these features. Specifically, parental control measures were implemented. Thus, by interact-
ing with Asterisk, a user may block certain channels or disable the operation of the remote
control, either immediately or by scheduling a future date or time. In addition, the PBX
periodically assesses the status of the TV. Then, Asterisk stores information about the active
channel in a relational database. It also allows a user to access channel viewing statistics
for different time ranges. In this second project, all the local scripts executed from the AGI
application were written in Python.
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4.2. Control of a Smart IoT Home

Two final year projects were proposed to use an Asterisk PBX to interact with a Smart
IoT Home. The architecture of these projects is shown in Figure 3. The architecture is similar
to the previous projects but when the response is received by the PBX and subsequently
parsed, Asterisk executes a local script written in Bash that sends a Hypertext Transfer
Protocol (HTTP) request to the Smart IoT Home controller in order to activate an actuator.
For these projects, an OSOYOO Smart Home learning kit with Arduino MEGA2560 is used
as a Smart IoT Home model.

User's order translated to HTTP requests

Voice message with user's order

User's order translated to plain text

Figure 3. Architecture of the projects to manipulate an IoT Smart Home.

The first project was focused exclusively on activating and deactivating the actuators
installed in the Smart IoT Home. The user could turn the lights, sprinklers, or heaters
on and off, open and close the garage door, and write messages on a digital whiteboard.
The second project also incorporates the management of the sensors installed in the Smart
IoT Home. If it detects smoke inside the house, movement in a room, or temperature
above or below predetermined thresholds, the Smart IoT Home calls a specific extension of
the Asterisk PBX. After processing the call, the PBX calls the user to inform them of the
situation in the IoT environment.

4.3. Increasing the Functionalities of an External Application

This final year project differs from previous ones in that rather than communicating
with an IoT Smart Home prototype using the HTTP protocol, the interactions are with
an external service using Hypertext Transfer Protocol Secure (HTTPS). In this project, the
target application was Strava, a social network for tracking human exercise, frequently
used by cyclists, swimmers, and runners using Global Positioning System (GPS) data.
The purpose of the project was to develop new features, making it possible to extend the
catalogue of functionalities that Strava offers by default.

Users can send voice commands to the IVR to request total, average, and maximum
values of performance parameters of recorded activities such as distance covered, elevation
gain, and calories consumed. The main improvement with respect to the functionalities
available in Strava, even in the subscription version of the application, is that the time
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range to perform the analysis was completely customizable and could cover several days,
weeks, or months.

The Asterisk PBX collects user activities from the profile within the specified date
range and parses the desired performances. As a response, the PBX returns a voice message
indicating the total, average, or maximum value. To do so, the Asterisk PBX runs a local
script written in Python that calls the Strava API [37], which provides developers with a
simple interface to access the registered activities in the social network.

4.4. Deployment of a Presence Control System

Two final year projects used Asterisk to deploy a presence control system within a
corporate network. The architecture of these projects is shown in Figure 4. In these projects,
speech-to-text translation technology is not used since the user performs a desired action
by simply dialing a specific extension in the dial plan. The system allows an employee
to register working hours and breaks by dialing different extensions. The Asterisk PBX
records such interactions in a relational database.

Step 1
Employee dials to begin working day

Step 2
Request to say the pass phrase

Step 3
Employee says the pass phrase

Step 5
Action is stored in DB

Step 4
Check employee’s identity

Figure 4. Architecture of the projects to deploy a presence control system.

In the initial version of the project, employees could register the beginning and end
of their working day and breaks. They could also request a leave of absence for a specific
date. The interactions between employees and Asterisk are carried out through different
IVRs and well-known extensions for each purpose (one for the beginning of the working
day, another for the end, etc.).

In another version of the project, a low-cost solution to improve the reliability of the
previously described system was presented. The idea behind this project was to avoid
identity fraud when employees interact with the Asterisk PBX. As this is impossible to
achieve by using only login and password, this project introduced a new entity in the
architecture, specifically a biometric module [38], as shown in Figure 4.

In order to avoid fraudulent registrations, the PBX asks employees to say a pass phrase
after dialing a specific extension. In this example, the extension 1000 could register the
beginning of the working day, so that the system can identify them by voice. To do so,
the Asterisk PBX communicates with the biometric module that processes the caller’s voice
to verify the identity and thus avoids fraud. The voice samples of all the employees of
the corporate network are stored in a relational database used by the biometric module to
perform queries. If the employee identification is successful, Asterisk stores the time of the
call in a second relational database. Thus, it registers the beginning and end of working
days and breaks. In these projects, Asterisk interacts with the database and the biometric
module through scripts written in Bash.

4.5. Development of a Notification Management System

This final year project was focused on the development of a notification management
system for employees within a corporate network through the use of their VoIP telephones.
The architecture of this project is shown in Figure 5. The proposed system allows employees
to schedule future reminders and notices interactively, as well as to manage them once they
have been registered in the system.
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Initial step
Friendly reminder

Final step
Friendly reminder

Final step
Friendly reminder

Scheduled voice message containing the notification  

E-mail containing the notification in text format

Voice message containing the notification 

Figure 5. Architecture of the project to develop a notification management system.

Notices are delivered from the Asterisk PBX to the recipient by means of a conventional
call so employees can listen to the message that was planned for them. Notices can also be
sent by email with the written transcript of the content of the notification. The functionalities
of this project are implemented in scripts written in Bash. Although the transcript of the
notification from audio to text is performed using the Google speech recognition service,
this entity has not been included in the figure for the sake of clarity.

Within the scope of this project, a special feature available in Asterisk called call files is
used. They are files with a special structure that can be used to program the Asterisk PBX
to manage the sending of notifications on a specific date and time.

4.6. Development of a COVID-19 Tracker

Two final year projects were proposed to develop a system based on Asterisk enabling
a user to register interactions with their contacts and to act in case of a positive COVID-19
test. The architecture of these projects is illustrated in Figure 6. Again, although the user
and the Asterisk PBX communicate by voice, which is transcribed by the Google speech
recognition service, this entity is omitted from the figure for the sake of clarity.

The user dials an extension in the Asterisk dial plan in order to update a relational
database which stores the names and phone numbers of their contacts. By dialing another
extension, the user can register all interactions with those contacts in the database. Thus,
a log of interactions is created, which can be tracked in the case of a positive contact.
Similarly, contacts can be notified in the case of a positive from the user themself. These
functionalities are programmed using scripts written in Python.

If the user tests positive for COVID-19, a dedicated extension can be dialed. Then,
the Asterisk PBX queries the contact database and retrieves all the user’s interactions
in the last two weeks. Each affected contact receives a message notifying about the
positive test of the user so appropriate measures can be taken. This message is sent from
Asterisk to a contact by the Telegram messaging app. Finally, if a contact tests positive,
the user can dial another extension in the dial plan to check for interactions within the
last two weeks.



Electronics 2023, 12, 1160 9 of 15

Step 1: User enters contact information Step 5a: User checks whether to quarantine due to a positive contact 

Step 2: Contacts information is stored in DB Step 6a: DB returns interactions with the positive contact 

Step 5b: User reports being positiveStep 3: User registers interactions with a contact

Step 4: Interactions are stored in DB Step 6b: Notification is sent to those contacts with interactions

Figure 6. Architecture of the project to develop a COVID-19 tracker.

4.7. Securing and Hardening an Asterisk PBX

Another proposed final year project was related to the development of a platform to
perform several on-demand assessments and self-reconfigurations in the Asterisk PBX to
improve overall security. The platform performs reactive actions to reconfigure and harden
the Asterisk PBX. Some of the securing actions include: the platform reacts to account scans
and malicious login attempts by updating access control rules; the platform checks the
correctness of the programmed dial plan and automatically fixes source code lines that
compromise the security of the PBX; and the platform automatically replaces deprecated
and compromised methods and functions. The platform can be easily configured to include
new vulnerabilities to evaluate in the assessment process in order to avoid premature
obsolescence. More details regarding this work, implemented in C#, can be found in [39].

5. Methodology

The research proposed in this work investigates the impact of using Asterisk as an
educational tool to improve the programming skills of students in higher education during
their final year project. All the projects used the Asterisk framework, along with other
hardware devices and services, to simulate realistic scenarios. This section describes the
hypotheses, methods, questions, and assertions that were posed to students.

5.1. Hypotheses of the Study

Three main hypotheses are made in this study:

Hypothesis 1 (H1). Students with a higher level of Asterisk prefer its own language to other ones.

Hypothesis 2 (H2). Programming in Asterisk positively impacts programming knowledge and skills.

Hypothesis 3 (H3). The previous level of coding skills influences comfort level when programming
after completing the final year project.
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5.2. Method

This research covered five years between 2018 and 2022. Figure 7 shows the number
of final degree projects presented in each academic course of the time span of this study.
Due to the size of the sample and the limited availability of students per academic course,
a control group was not feasible, so this research used a single pretest and post-test group.

2017/2018 2018/2019 2019/2020 2020/2021 2021/2022

1

2

3

4

5

academic course

#
of

pr
es

en
te

d
pr

oj
ec

ts

Figure 7. Number of projects presented in each academic course.

The procedure followed for each student consisted of an initial pretest just before the
beginning of the final year project, the development of the project, which is designed in the
curriculum in such a way that it can be completed by the student in 300 h, and a post-test
after completing the project. For both the pretest and the post-test, the students completed
surveys in which several questions and assertions were posed to evaluate various aspects.
Both tests were anonymous and implemented using Microsoft Forms. They were answered
on a Likert scale, and neither included open-ended questions.

In the pretest, students were asked about demographic information such as sex and
age, as well as the specialisation of the telecommunications engineering program they
were studying. Several questions were asked regarding their knowledge of Asterisk, their
self-perceived level of programming skills, and programming languages previously used.
Part of the survey used for the pretest is shown in Table 1. It should be noted that Q3
allowed for the selection of multiple languages.

Table 1. Questions in the pretest survey.

Question Description
Q1 What do you consider to be your level of knowledge about Asterisk?

Q2 How would you evaluate your programming skills?

Q3 How many programming languages do you know?

In the post-test, several assertions were presented to the students in order to deter-
mine the cognitive and attitudinal impact of using Asterisk on their programming skills.
The post-test included assertions to evaluate the students’ subjective perception of their
improvement in programming after the final year project and especially how much Asterisk
had contributed to that. The survey used for the post-test is shown in Table 2.



Electronics 2023, 12, 1160 11 of 15

Table 2. Assertions in the post-test survey.

Assert Description

A1
I felt more comfortable programming in Asterisk than using other languages I already
knew

A2
Programming in Asterisk was easier than using programming languages I
already knew

A3 I think that programming in Asterisk has improved my programming skills

A4 I am more interested in programming

A5 I feel more comfortable when programming

5.3. Participants

This study involved telecommunications engineering undergraduate students from
the University of Oviedo (Spain). A total of 12 students agreed to take part in this study
while working on their final year projects. Students did not receive any incentive for
participating in the research. The average age of the students was 23.67 (sigma = 2.27),
8 (66.67%) were female and 4 (33.33%) were male. None of the students participating in
the study had been involved in the development of large or medium-sized programming
projects in the past. The pretest revealed that the majority of the students (91%) considered
they had enough knowledge about programming due to previously completed courses.
Most students had prior experience with programming in C# (64%), Python (58%), and C++
(45%) programming languages.

5.4. Limitations

Due to the duration of the study and the availability of students completing their final
project per year, this work did not have a control group to analyse the impact of the Asterisk
framework on the programming skills of the students. The validation of the hypotheses
could have been conducted more exhaustively with a higher number of students taking
part in the study, so this research can be considered as a preliminary study.

The final year project is the last step for a student in the telecommunications engi-
neering program. This may affect the students’ perceptions of Asterisk, since the implicit
achievement may entail a much more optimistic assessment than if the student was in
previous stages of the program. Even so, due to their academic situation near the end of
their studies, these students have reached a high level of maturity, so their opinions and
perceptions can be considered reasonably reliable.

6. Results and Discussion

This section shows the analysis of the data provided by the students in the sample.
To verify each of the hypotheses, one or several pretest questions and post-test assertions
were used. The independence of the replies was analysed as well as the relationship
between the answers provided in the questions and those provided in the assertions. Since
all the questions in the questionnaires are categorical in nature, independence tests are
used. All calculations were performed using JASP 0.16.1 [40], the latest version at the time
of writing.

6.1. First Hypothesis

The first hypothesis was that those students with a higher level of Asterisk prior
to their final year projects, prefer the Asterisk programming language to others. This
hypothesis was tested with the data collected. For that purpose, pretest question Q1, shown
in Table 1, was used:

Q1: What do you consider to be your level of knowledge about Asterisk?
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The responses to this question have been related to those provided by the A1 and A2
post-test assertions, shown in Table 2:

A1: I felt more comfortable programming in Asterisk than using other languages I
already knew.
A2: Programming in Asterisk was easier than using programming languages I
already knew.

The assumption made by the authors was that the higher the students’ knowledge of
Asterisk, the more comfortable they feel using this technology once their respective final
year projects are completed. For this reason, those students who indicate that they had a
higher previous level of Asterisk are more likely to respond that they feel more comfortable
and/or find it easier to program in Asterisk. As stated at the beginning of this section, a test
of independence was used to verify whether these variables are independent or whether
there is a relationship between them.

The results of the first test performed show no evidence of dependence between Q1
and A1, with a p-value greater than 0.05; χ2 = 3.429, p = 0.18. Nor does the second test,
between Q1 and A2, confirm the initial assumption; χ2 = 3.429, p = 0.18.

Based on the results obtained, we have no evidence to affirm that the previous level of
Asterisk influences the students’ perception of the comfort (A1) or ease of programming
(A2) in Asterisk after the completion of their project. Therefore, the tests conducted do
not validate the hypothesis that students with a higher level of Asterisk would prefer
programming in the Asterisk scripting language rather than other programming languages.
In any case, since the work presented in this article is a preliminary study based on a
small sample, such a low p-value is not sufficient to rule out the existence of the proposed
relationship. Thus, the study of this hypothesis should continue using a large sample.

6.2. Second Hypothesis

The second hypothesis proposed by the authors states that programming in Asterisk
has a positive impact on the knowledge and programming skills of the students. In this
case, the results of pretest questions Q1 and Q3 were analysed:

Q1: What do you consider to be your level of knowledge about Asterisk?
Q3: How many programming languages do you know?

The possible relationship between the answers provided for the A3 post-test assertion
was studied:

A3: I think that programming in Asterisk has improved my programming skills.

The authors’ assumption prior to data collection was that those students with a greater
knowledge of Asterisk and those who know more programming languages will benefit
more from the work conducted with Asterisk during their final year projects, so the answers
to the post-test questions should be more positive. For this purpose, their independence
was analysed.

The tests carried out to determine the independence between Q1 and A3; χ2 = 3.704,
p = 0.295; show no evidence of such dependence, obtaining very high p-values. However,
the tests of independence between Q3 and A3; χ2 = 14.22, p = 0.027; do show evidence
of dependence.

Based on the results obtained in these tests, it can be concluded that for those students
who know more programming languages, programming in Asterisk has helped them to
improve their programming skills, regardless of their previous knowledge in Asterisk
technology. These results seem to give partial support to the hypothesis, suggesting that
programming in Asterisk improves the programming skills of students based on their prior
knowledge of more than one programming language.
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6.3. Third Hypothesis

In the third hypothesis, it was stated that the higher the previous level of programming,
the more the students’ comfort in programming increases after completing the final year
project. In this case, the results of pretest questions Q2 and Q3 were analysed:

Q2: How would you evaluate your programming skills?
Q3: How many programming languages do you know?

The possible relationship between the answers to these pretest questions and those
provided for A5 and A6 post-test assertions was studied:

A4: I am more interested in programming.
A5: I feel more comfortable when programming.

In this case, it was expected that those students with stronger programming skills and
who know a wider variety of languages will feel more comfortable and more interested in
programming once their project are completed.

The first test performed does show evidence of dependence between Q2 and A4;
χ2 = 6.667, p = 0.036. In addition, the second test, relating Q2 and A5; χ2 = 9.333,
p = 0.009; does show evidence of dependence for these variables as well. However, the last
two tests performed show no evidence of the dependence of Q3 and the A4 assertions;
χ2 = 6.9, p = 0.141; and A5; χ2 = 8.22, p = 0.084.

Based on the results obtained in these tests, it can be concluded that for those stu-
dents with a previous higher self-perceived level of programming skills, completing their
final year project using Asterisk has increased their interest in programming. Further-
more, from these results it is also possible to assert that the use of Asterisk has increased
their comfort when programming. Therefore, these results seem to give support to the
third hypothesis.

7. Conclusions

An analysis and evaluation of the Asterisk PBX as an educational tool to improve the
programming skills of higher education students has been presented. The study involved
12 undergraduate students of telecommunications engineering who had not mastered
any programming language in depth, nor had they previously faced the development of
large or medium-sized projects. The scope of this research was focused on the final year
project. Several real VoIP environments based on an Asterisk PBX, interacting with physical
systems and other services, were developed by the students.

While not all of the authors’ hypotheses can be confirmed, it was observed that the
completion of the final year project using Asterisk leads to beneficial consequences. In a
significant percentage of the cases, it helped to improve the students’ perception of their
programming knowledge and coding skills. In addition, results also suggest that both the
interest and comfort regarding programming were increased in the students.

Although this study is a preliminary test and it is based on a small sample of students,
the results have been very satisfactory. Therefore, they give reasons to believe that Asterisk
can indeed have a positive influence on the programming skills of higher education stu-
dents. Based on these results, the use of the Asterisk framework could be considered as an
interesting alternative to be used as an educational tool to improve programming skills,
although more research is needed.

Future work will be focused on carrying out a more in-depth study, using a larger
sample to confirm the results of this preliminary test. To do so, we are open to collaborating
with lecturers from other universities in order to gather a sufficiently large sample in a
reasonable amount of time. In addition, it could be interesting to study the use of Asterisk
as an educational tool at a stage other than the final year project, for example in initial
degree courses in engineering programs.
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